Pre-transfer editing by class II prolyl-tRNA synthetase: role of aminoacylation active site in "selective release" of noncognate amino acids.
Aminoacyl-tRNA synthetases catalyze the attachment of cognate amino acids to specific tRNA molecules. To prevent potential errors in protein synthesis caused by misactivation of noncognate amino acids, some synthetases have evolved editing mechanisms to hydrolyze misactivated amino acids (pre-transfer editing) or misacylated tRNAs (post-transfer editing). In the case of post-transfer editing, synthetases employ a separate editing domain that is distinct from the site of amino acid activation, and the mechanism is believed to involve shuttling of the flexible CCA-3' end of the tRNA from the synthetic active site to the site of hydrolysis. The mechanism of pre-transfer editing is less well understood, and in most cases, the exact site of pre-transfer editing has not been conclusively identified. Here, we probe the pre-transfer editing activity of class II prolyl-tRNA synthetases from five species representing all three kingdoms of life. To locate the site of pre-transfer editing, truncation mutants were constructed by deleting the insertion domain characteristic of bacterial prolyl-tRNA synthetase species, which is the site of post-transfer editing, or the N- or C-terminal extension domains of eukaryotic and archaeal enzymes. In addition, the pre-transfer editing mechanism of Escherichia coli prolyl-tRNA synthetase was probed in detail. These studies show that a separate editing domain is not required for pre-transfer editing by prolyl-tRNA synthetase. The aminoacylation active site plays a significant role in preserving the fidelity of translation by acting as a filter that selectively releases non-cognate adenylates into solution, while protecting the cognate adenylate from hydrolysis.